
Abstract. —Commercial and
scientific bottom longline catches of

alfonsino, Beryx splendens, from
seamounts off NewCaledonia were

sampled to study length-frequency
distributions. A total of 14,674 fish

were measured. CPUEof Beryx
splendens on two seamounts is mod-
elled in terms of length and depth.
The data show that mean length in-

creases with depth; this is well de-

scribed by a bivariate normal model
that estimates catch for a given sea-

mount. In addition, the data show
that mean length also varies with

the depth of the top of seamounts;
this is described by a recursive

model that is designed to predict ap-

proximate catch for any seamount.

The limitations of both models are

discussed, particularly with regard
to temporal variation.
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A bottom longline fishery operated
on the seamounts of the Exclusive

Economic Zone (EEZ) of NewCale-

donia from February 1988 to July
1991. ' Three vessels were involved

but only one vessel was operated at

any given time. The fishing effort,

which totalled 4,691,635 hooks, fo-

cused on five seamounts (B, C, D,

J, and K) whose summits are lo-

cated at depths ranging from 500

to 750 m(Fig. 1 ). The target species,

alfonsino, Beryx splendens, ac-

counted for 92% of the catch by

weight. This species has a world-

wide distribution, from the equator
to the temperate latitudes, and is

fished by bottom trawl or longline.

Alfonsino generally occupies waters

between 200 and 800 m, although
it has been caught at depths of only
25 m and as deep as 1,240 m
(Busakhin, 1982). Some authors

have noted an increase in mean

length with depth
2 (Yamamoto et

al., 1978, Seki and Tagami, 1986),

a trend which has been observed in

other fishes (Heincke, 1913), par-

ticularly some deep-water demersal

species
3 ' 4 - 5 (Ralston and Williams,

1988). There have been few studies

relating the size distribution of

alfonsino to depth. The objective of

this paper is to describe an ap-

proach for estimating the abun-

dance of alfonsino by modelling its

distribution in terms of fork length
and depth of capture. A bivariate

normal model describes this distri-

bution for a given seamount and a

recursive model predicts catch on

any seamount.

Material and methods

Data

Alfonsino were captured with long-

line gear (Fig. 2). The main line,

averaging 4,000 m, was held on the

bottom by means of terminal an-

chors and regularly spaced heavy
sinkers that delimited five equal
line sections. During a fishing trip
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Figure 2

Longline gear employed from the longliner Humboldt during a set ( 15) on 7 June 1991

on seamount K (lat. 24°43'S; long. 170°06'E) and detail of a branch line. Main line is

4,000 mlong and divided into five sections (each section has 840 hooks [42 branch lines

x 20 hooks] and is 800 m longhji, depth recorded on the echosounder at time t
{

when
sinker was thrown overboard; d, =1/2 (d

l

cated to all fish hooked on section i.

+ d ,) + 10 = mean depth of capture allo-

Figure 3

Measurements taken to assess the

deviation between the depth pro-

file recorded on the echosounder

and the actual configuration of the

longline on the bottom: (A) current

velocity from the Doppler sonar

current indicator recorded at dif-

ferent depths during the settings

of the longline by the Humboldt
(rc=694 current measurements); (B)

deviations between the depth of the

terminal anchor recorded when the

line was set and the depth of the

bottom recorded at the time the cor-

responding buoy was grabbed at

the begining of retrieval (n=23

sets); (C) depth variations within

sections recorded during the fish-

ing cruise carried out by the

longliner Humboldt (n=290 line

sections of 800 meach); (D) depth
variations (differences between
maximum and minimum depths)
for the whole line recorded during
the fishing cruises carried out by
the longliners Hokko Maru and

Fukuju Maru (n=287 longlines of

4,000 m).

100 -,



Lehodey et al.: Modelling the distribution of Beryx splendens 751

ing two other commercial cruises conducted by the

longliners Hokko Maru and Fukuju Maru, observers

recorded the maximum and minimum depths reached

by the longline
7 - 8

(Fig. 3D).

Fork length (FL) was measured on a total of 14,674

alfonsino. During the commercial fishing trips, fish

to be measured were randomly sampled from each

set. When there were only a few fish, they were all

measured. As the samples varied in size between sets,

the length-frequency distribution of all the alfonsino

caught was estimated by multiplying the number in

the sample by the ratio of the total number of

alfonsino caught to the total number of alfonsino

measured for each longline set. During several sci-

entific cruises all of the fish were measured. 1 Because

7
Anonymous. 1988. Rapport de la campagne de peche a la

palangre profonde dans la zone economique de la Nouvelle-

Caledonie. Hokko Maru 107: fevrier-mai 1988. Territoire de

Nouvelle-Caledonie, Service Territorial de la Marine Marchande
et des Peches Maritimes, 57 p.

8 Laboute, P. 1989. Mission d'observation halieutique sur le

palangrier japonais Fukuju Maru du 21 nov. au 12 dec. 1988,

Noumea. ORSTOMRapp. Missions, Sci. Mer Biol. Mar. 2, 15 p.

all the depth zones were not sampled in the same way,
catch per unit of effort (CPUE=number offish caught

per 100,000 hooks) was taken as the abundance index.

The data collected during the Humboldt cruise was
used to model the distribution of CPUEin terms of

length and depth over seamounts. The models were

validated with data generated by the scientific

cruises and with data collected on board the two ad-

ditional commercial boats, Hokko Maru and Fukuju
Maru. These commercial data are less precise be-

cause only maximum and minimum longline depths
were recorded.

Preliminary data analysis

Table 1 shows the mean fork length by depth zone

for each seamount sampled during the Humboldt
cruise. This table suggests a significant increase in

mean length with depth on each seamount. In order

to model this increase, the data must be as repre-

sentative as possible of the fish population over its

depth range. For this reason, only data recorded for

seamounts B and J were used for modelling the in-

crease in length with depth.
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CPUEdistributions by size class and depth zone

over seamounts B and J from the Humboldt are

shown in Figure 4. A preliminary examination of the

data revealed that they fitted portions of curves con-

forming to a normal distribution. It was therefore

assumed that for a given seamount the CPUE, in

terms of length and depth, was distributed over a

surface described by a bivariate normal distribution

function delimited by the maximum and minimum
of lengths and depths sampled. This assumption is

the basis of the first modelling exercise ("bivariate

normal model").

Table 1 also shows that, for a given absolute depth,
mean length significantly decreases as the depth of

the top of the seamount increases. This decrease sug-

gests that the length distribution depends both on

the absolute depth (in relation to the sea surface)

and on the depth of the top of the seamount. Conse-

quently, the bivariate normal model constructed for

a given seamount may not be applicable to other sea-

mounts whose summits lie at different depths. It is

therefore necessary to construct a more general
model (referred to as the "recursive model") which
would predict extrapolated estimates of CPUEover

any seamount by taking into account both the abso-

lute depth of the water column and the depth of the

top of the seamount. Temporal validation of these

two models requires data that were not used during
model construction but were collected in the same
area at different periods. Data collected on board RV
Alis and the fishing vessels Hokko Maru and Fukuju
Maru were used for model validation.

Modelling method

Bivariate normal model In the bivariate normal

model, CPUEby length and depth are calculated on

the basis of a bivariate normal distribution defined

by the density function ( 1 1

B(x h x d ) =

exp<

2(l-p*)

*/-/*/

'/
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where x
l

is the length, x d is the depth, p, is the mean
length, o,

is the standard deviation of length, p , is

the mean depth, CT
f/

is the standard deviation of depth,
and p is the regression coefficient of length on depth.
Because sampling of the seamounts is limited up-
wards by their summit (D

s
) and downwards by the

maximum depth accessible with the bottom longline
(D

a ), CPUEdistributions will be modelled by a por-

tion of the bivariate normal distribution (2)

CPUEest (x t ,x d ) = for x d > Da or x d < Ds

CPUEest (.r„V = XW#lt xd )for Ds <x d
< Da

(2)

where X represents the theoretical cumulative CPUE
estimated over the field of definition of the entire

bivariate normal distribution. The parameters A, p,,

o,, pi d , errand p were estimated by a nonlinear regres-
sion by using an iterative algorithm for sum of squares
errors (SSE) minimization (SAS, 1988).

Recursive model The recursive model should allow

estimation of alfonsino CPUEby size class for sea-

mounts for which no data are available except the

depth of their summit. The size structure variation

shown in Table 1 should be taken into account in the

development of this model, i.e. 1) for a given sea-

mount, mean length increases with depth and 2) for

a given depth zone, mean length decreases as the

depth of the top of the seamount increases. In theory,

the distribution of a population of alfonsino over any
seamount could then be taken as the superposition
of the distributions of two subpopulations: one popu-
lation would be influenced only by the absolute depth
while the other would be influenced by the depth of

the top of the seamount. This model attempts to ex-

plain how the fish population of a given seamount
would in theory redistribute itself if it were to mi-

grate and settle on another seamount. Consider a

hypothetical population whose cumulative CPUECK)

by length and depth is distributed over its seamount
of origin according to a bivariate normal distribu-

tion function of unknown ji t
, o,, pd , Od , and p param-

eters. For the estimation of these parameters, the

top of the hypothetical original seamount will be as-

sumed to be exactly level with the sea surface in or-

der to include the entire depth zone that could be

inhabited by alfonsino. The new CPUEdistribution

on seamounts j, 7+1, etc. . . (Fig. 5) will depend on

the initial parameters of the distribution over the

original seamount as well as on parameter p, the

probability that the fish will redistribute according
to absolute depth, and ( 1-p), the probability that the

fish will redistribute according to the depth of the

top of the seamount. At each "leap" to a deeper sea-

mount (from.; toj+l), the subpopulation inhabiting
a given depth zone D

i

will split into two groups: one

group will stay in the same depth zone D
i

with a prob-

ability p (or will migrate elsewhere if this zone is no

longer available on the new seamount) and the other
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Bivariate normal model: CPUE-
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Horn, 1990), Humphreys et al. (1984) have shown

that sexual dimorphism is not responsible for the

existence of different size groups of alfonsino. Marked

declines in CPUEare observed in the Southern Hemi-

sphere during summer. This season corresponds to

the alfonsino breeding period in New Caledonian

waters. 11 The summer decline in catch rate could be

due to breeding migrations drawing the fish to

spawning grounds that are different from the fish-

ing grounds
2

(Chikuni, 1971) or to changes in vul-

nerability to the gear owing to seasonal physiologi-

cal or behavioral changes (Ricker, 1980). Data used

to build the models were collected on board the

Humboldt during the winter season. Data used to

validate the models were collected on board Fukuju
Maru and Hokko Maru at the beginning and end of

the warm season and during six scientific cruises,

five of which were carried out in summer. This sug-

gests that reproductive seasonality might be a fac-

tor in the poor temporal validation of the models.

Other sources of temporal variation might be re-

lated to the environment. The ocean habitat of

alfonsino is not affected by continental influences but

is subject to hydrological fluctuations affecting the

deep-water masses. Some of these influences are of

short period such as internal waves and tidal cur-

rents (Eriksen, 1985; Roden, 1987), whereas others

recur at longer intervals such as seasonal variations

in ocean currents and multi-annual hydroclimatic

anomalies of the El Nino Southern Oscillation

(ENSO) (Delcroix and Henin, 1989). Such fluctua-

tions might have an impact on alfonsino stock struc-

ture, either at the recruitment stage (survival and

dispersal of eggs and larvae) or by modification of

the behavior of adults (migrations from one seamount

to another). However, it is difficult to demonstrate

the effect of these fluctuations on the presence and

catchability of fish. It is even more difficult to ex-

plain the very large differences in fishery productiv-

ity observed between seamounts of identical depth,

located only a few dozen miles apart and appearing
to have the same hydrological environment. Seafloor

topography and bottom type might account for these

differences, but other hypotheses can be postulated,

some based on the existence of a low-energy hydro-

thermalism (Rougerie and Wauthy, 1990) and oth-

ers on a hydrological anomaly called "Taylor's col-

umn," which could enhance species sedentarity

(Royer, 1978; Genin and Boehlert, 1985; Roden, 1987;

Dower et al., 1992; Sime-Ngando et al., 1992). Fluc-

tuations in intensity of this anomaly, or its disap-

pearance, could also be responsible for the variations

in productivity observed over time over a given sea-

mount (Boehlert and Genin, 1987). These unknown
environmental fluctuations cause problems in the

interpretation of results from exploratory and com-

mercial fishing cruises carried out over seamounts.

The data collected at a given location constitute an

instant picture of a stock whose abundance is likely

to vary, irrespective of fishing effort, as a result of

unknown environmental variations. In other words,

the fertility of the seamounts could vary quite un-

predictably over the history of a fishery. Conse-

quently, modelling the distribution of a stock should

be confined to a relatively small temporal sampling
scale.

Conclusion

The bivariate normal model and the recursive model

provide complementary interpretations of length dis-

tribution in terms of depth of alfonsino fished on the

seamounts of NewCaledonia by the bottom longline

fishery. They could be useful for the proper manage-
ment of fisheries over seamounts, where stocks are

known to be vulnerable ( Sasaki, 1986 ) because of the

limited habitat afforded by seamounts and the slow

growth rate of deep-water species. However, it would

appear that annual or seasonal factors, in particu-

lar those which account for recruitment fluctuations

and behavioral changes linked to reproduction, will

need to be incorporated into the models before they

can be generalized. A better understanding of the

functioning of the ecosystems concerned would also

assist in establishing the limits of generalization,

particularly with regard to depth and area inhab-

ited by alfonsino. These models could possibly be

adapted to other deep-water species such as certain

snappers and groupers.
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